Mortality rates are often used in population-level animal welfare assessments because they are assumed to reflect rates of disease or injury and other problems likely to cause poor welfare. High mortality is thus assumed to correlate with factors likely to cause negative affective states. Here, we argue that negative affective states are also related to mortality rates more directly, via causal rather than merely correlational routes. In humans, negative affective states predict elevated morbidity and mortality rates as well as decreased longevity, while self-reported happiness does the opposite. This review investigates whether mortality rates and longevity can thus be used to make inferences regarding past affective states in animals. The proposed mechanism is that chronic stressors cause negative affective states and thence harmful physiological consequences through continual activation of the hypothalamicpituitary-adrenal and sympathetic-adreno-medullary axes, which in turn can lead to increased mortality. The convergent validity of mortality as an indicator of past negative affect is demonstrated via examples of how stressors such as bereavement in humans and social isolation in social non-human species cause negative affective states, and then increase the morbidity of potentially lethal conditions such as cardiovascular disease, cancer and HIV/AIDS, ultimately leading to increased mortality and reduced longevity in both humans and animals. The potential drawbacks of using mortality rates to infer animal welfare are also discussed, including its low sensitivity and the multiplicity of factors unrelated to affective states that can influence mortality rates. However, providing these issues are accounted for, it is suggested that this indicator has value in welfare assessment, and is especially well suited for cases where animals are allowed to live out their natural lifespans, such as tends to be the case with zoo and companion animals.
Introduction
Human happiness, as assessed by self-reported life satisfaction, optimism, and positive emotion, is linked to how long individuals live: happier people live longer (eg Deiner & Chan 2011) . In contrast, self-reported depression is correlated with increased mortality rates, independent of physical health (eg Rovner et al 1991) . This phenomenon may be applicable to animals as well. Classic early work by von Holst (1972), for example, revealed that subordinate male tree shrews (Tupaia belangeri) had higher mortality rates after being repeatedly physically subjugated by a dominant male. More recently, in zoo orangutans (Pongo abelii and P. pygmaeus), individuals that were subjectively judged to be happier were shown to subsequently live longer than those who were deemed less happy (Weiss et al 2011) , while in pet dogs (Canis lupus familiaris), those with a fear of strangers lived significantly shorter lives than bolder/more confident conspecifics (Dreschel 2010) . These studies suggest that negative affect is correlated with higher mortality and reduced longevity in both humans and animals. Granted, the use of mortality rates to indicate poor health and thus poor welfare in a population is not new: collecting data on on-farm mortality rates is a standard part of Welfare Quality® procedures (eg Chauvin et al 2011) . However, in these instances, negative affective states (or poor welfare states) are assumed to be correlates of mortality rate, by being induced by the causes of the elevated mortality (eg high rates of disease, or poor nutrition). This review will explore an alternative link between mortality and negative affect: that negative affective states actually play a causal role in increasing mortality rates. One possible mechanism is that lasting negative affective states cause persistent activation of, or changes in, the body's stress responses resulting in increased morbidity and mortality (eg Dreschel 2010; Weiss et al 2011) . This has been modelled in Figure 1 . Some animal researchers have therefore begun using mortality rates to assess the affective impact of potentially stressful habitats or situations that animals experienced while they were alive (eg Clubb et al 2008 (eg Clubb et al , 2009 Mason & Veasey 2010) . First, we give some definitions. The affective state of an animal or person refers to their experienced feelings, moods or emotions (eg Russell 2003) . These can be divided into positive or negative categories. Positive affective states (eg joy) are sought after and preferred, while negative affective states (eg fear) are avoided when possible. Here, animal affective states are classified as positive or negative based on evidence compared with established indicators of animal welfare, both behavioural and physiological. The key indicators in animals include approach/avoidance tests (eg Rushen 1986) , and assessment of whether a stimulus is a negative or positive reinforcer of learned behaviour (Spruijt et al 2001) . Furthermore, supporting evidence comes from other measures, eg hypothalamic-pituitary-adrenal (HPA) axis activity (Tsigos & Chrousos 2002) , and/or sympatheticadreno-medullary (SAM) axis activity (Sinha et al 2003) . Stressors are stimuli, real or perceived, that cause negative affective states; these stressors can afflict the subject either physically (eg pain), or purely psychologically (eg death of a loved one). When resulting negative affective states persist, they are representative of chronic suffering (Neugebauer et al 2004) . A number of terms are used in this review that concern health and ageing; these are defined for clarity in Table 1 . This paper will primarily review evidence of how a negative affective state caused by stressors can lead to increased morbidity, mortality, and decreased longevity.
For the purposes of this review, animals' welfare is judged solely from affective state. Many argue that how an animal perceives and experiences stimuli is the most important determinant of its welfare; thus affective states are really the essence of welfare, and indeed are what gives welfare its moral urgency (eg Dawkins 1988; Mason & Mendl 1993; Duncan 2006) . As long as individuals are experiencing a positive affective state they are said to have good welfare, and vice versa.
The HPA and SAM axes are both well known to be the physiological responses to stressors (eg HPA axis: Tsigos & Chrousos 2002; SAM: Sinha et al 2003) . However, it should be noted that these indices can be activated by physical activity, as well as positive affective states such as excitement (eg Christensen & Galbo 1983) . Thus, the context in which these indices are being examined is very important and these factors need to be controlled for. Chronic stimulation of these axes may lead to harmful physiological consequences. For example, chronic sympathetic bias can cause shifts in T-helper cell balance, leading to disease, early senescence and otherwise disrupted autonomic activity (Yun et al 2004) . Likewise, chronically high levels of cortisol in the bloodstream have been related to numerous human disorders including insulin resistance, cardiovascular disease, immune disturbances, and nervous system disorders (eg McEwen 2005) .
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Figure 1
Conceptual model of how stressors may play a causal role in increasing mortality. The solid black arrows represent the causal relationships explored in this review. The dashed-line arrows show the pathways typically implicated when mortality rates are used in welfare assessment, where negative affective states are correlated with increased mortality. The evidence in this review will examine links between mortality and affective state where possible; and otherwise between affect and certain types of morbidity, namely those where the diseases concerned are highly linked to mortality (eg cardiovascular disease, cancer, HIV/AIDS). Since humans are able to self-report their own affective state, we will closely examine the human literature first, prior to assessing how stressors lead to increased morbidity and mortality in animals. Note that the goal of this review is not to provide an exhaustive list of mechanisms of how stressors can do this, but rather to provide evidence for and against the hypothesis that negative affect can lead to increased morbidity and mortality.
Human cases where negative affect increases mortality
Humans provide excellent examples because they can report how they feel. It is also easy to identify rewarding and aversive experiences for humans. Furthermore, most of the relevant research comes from careful, often largescale, medical studies where potential confounds are measured and controlled for. Several cases demonstrate the relationship between overall self-reported affective state and mortality. To expand on an example from the Introduction, Deiner and Chan (2011) review numerous cases of how positive affective states such as optimism, satisfaction with income, enjoyment of life, and happiness are correlated with lower mortality and increased longevity. These effects are evident even after statistically controlling for various confounding factors such as age, sex, smoking, alcohol consumption, and obesity among many more. Similarly, higher levels of self-reported positive affect among HIV+ men are correlated with decreased mortality rates, even after correcting for time-dependent covariates such as CD4 levels and anti-retroviral use (Moskowitz 2003) . In contrast, elderly people who reported a high level of experienced negative affect were twice as likely to die in the next four years as those with a low level, after controlling for age and health effects (Wilson et al 2003) .
Similarly, researchers that have studied specific affective states such as anxiety, depression, and hopelessness have come to similar conclusions. Kawachi et al (1992) conducted a study on a large cohort of nearly 40,000 male healthcare professionals. At the outset, all subjects were free of cardiovascular disease and were assessed for levels of anxiety. By the follow-up two years later, those men with the highest levels of anxiety experienced three times the number of incidences of fatal coronary heart disease than those with the lowest levels of anxiety. This effect could not be accounted for by confounding factors such as smoking, alcohol intake, or a host of other cardiovascular risk factors, leading to the conclusion of a strong causal link between anxiety and risk of fatal coronary heart disease. Depression prior to stroke predicts a more severe stroke, less functional recovery in the short and long term, and higher long-term mortality (Naess et al 2010) . Using meta-analyses, the mortality rates in cancer patients were also found to be up to 39% higher in patients who were also diagnosed with depression, and this effect persisted after adjustment for clinical prognosticators (eg age, sex, smoking status, etc), suggesting that depression may play a true causal role in mortality (Satin et al 2009) . Likewise, chronic depression predicts lower levels of CD4 T lymphocytes and increased viral load, both of which contribute to HIV/AIDS disease progression, and also to increased mortality (Leserman 2008). Tellingly, previous work revealed that CD4 cell count and AIDS symptoms did not predict future depression, suggesting that depression leads to a clinical disease change, not the other way around (Leserman 2003). Selfreported hopelessness in elderly humans predicted all-cause mortality after controlling for several confounding factors (eg age, sex, body-mass index, smoking habits, and activity levels). Specifically, deaths due to cardiovascular disease and cancer were significantly higher among hopeless subjects (Stern et al 2001) . Hopelessness is also correlated with an increase in fatal incidences of ischaemic heart disease (Anda et al 1993) . Such effects were statistically independent of other established risk factors including age, sex, race, smoking, systolic blood pressure, body-mass index, and physical activity, and the authors therefore suggested that hopelessness does indeed play a causal role. Specific negative experiences can also lead to increased mortality. The classic Whitehall study demonstrated that mortality rates were higher among men in the lower echelons of the British Civil Service hierarchy (Marmot et al 1978) . Specifically, men in the lowest grade jobs had 3.6 times higher mortality due to coronary heart disease than men in the highest grade jobs, and the effect was still strong after controlling for risk factors like blood pressure, plasma glucose levels, smoking, and levels of physical activity. Depression is significantly more prevalent in people of lower socioeconomic status (eg Murphy et al 1991) , and thus depression in the lowest grade workers may play a role in the results of the Whitehall study. Another example of a negative experience is having low levels of social support. Social support is assessed by determining both the quantity and quality of social relationships and low levels of social support are correlated to depression (Schaefer et al 1981) . A lack of social support has been implicated in causing increased mortality in several instances. For example, Berkman et al (1992) found that of 194 elderly men and women hospitalised for acute myocardial infarction (heart attack), 76 died within the next six months, and 59 of those were from cardiovascular disorders. After controlling for several confounding factors it was shown that those patients who had no social support were twice as likely to die as those who reported two or more sources of support. When the analysis is restricted to only those patients who died clearly of cardiac causes, the mortality rate was 45% among those with no social support, while it was only 19% among those who had two or more sources of support. Likewise, heart failure outpatients that were depressed or socially isolated had an increased risk of mortality within the next two years after controlling for demographics and clinical status (Friedmann et al 2006) . In a retrospective analysis of Union Army veterans, Costa and Animal Welfare 2012, 21: 497-509 doi: 10.7120/09627286.21.4.497
Kahn (2010) show that a strong cohesive social network during stressful wartime events lessens a future probability of having a stroke, of developing cardiovascular disease and atherosclerosis, and subsequently leads to increased longevity. This effect was evident despite controlling for numerous potential confounds including age, rank, wounds received in battle, previous occupation, marital status, body-mass index, and personal wealth. Turning to another form of negative experience, being burgled has also been found to increase mortality among the elderly. Victims (and their families) were interviewed by Donaldson (2003) and were described as becoming 'very twitchy' and more nervous after the crime; their health was also found to deteriorate faster than non-burgled neighbours, matched for age and sex. The effect was so strong that within only two years, victims were 2.4 times more likely to be dead or to be in residential care (due to declining health) than their nonburgled neighbours. This evidence suggests that living in fear of being victimised may play a causal role in increasing mortality among the elderly. Negative affect and negative life events are thus not only shown to increase mortality rates of peoples who suffer from conditions like cancer and cardiovascular disease, but also of otherwise healthy subjects. Overall, this body of evidence provides strong support for the idea that negative affective states can lead to increased morbidity and mortality in humans.
Mechanisms linking negative affect and mortality in humans
Three main conditions will be explored here: immunosuppression, cancer and cardiovascular disease. This is not an exhaustive list of the stressor-sensitive diseases and conditions that can influence mortality, but these cases do provide some very clear and relevant examples. Suicide is also added as a final, non-disease link between affect and elevated mortality. First we look at immunosuppression, as evidenced from a variety of measures, the first one to be discussed being disease prevalence and progression. A large cohort study of humans done by Takkouche et al (2001) examined how affective state influenced the likelihood of becoming ill with the common cold, obviously not fatal, but a typical virus nonetheless. Through questionnaires, the researchers were able to score participants on their affective state, both positive and negative. Subjects with a high index of negative affect showed an incidence rate of 3.7, while subjects with a high index of positive affect showed an incidence rate of only 0.6 in the following year. Similarly, marital quality can have a large impact on physical health (Wickrama et al 1997) . Husbands and wives who had been married for at least 14 years both rated their marital quality and physical health through questionnaires yearly for three years. Ultimately, improved marital quality over time predicted increasing physical health for both wives and husbands, and vice versa. These effects were significant after controlling for education, family income, and jobfamily interference. Furthermore, the authors conclude that these effects are purely the result of a psychological stressor, as no influence of marital quality on health-risk behaviours was found. Because wound healing and overall immune function are positively correlated (Kirk et al 1993) , it is possible to examine the link between psychological stressors and wound healing as an alternative, somatic indicator of the functioning of the immune system, as was done by Kiecolt-Glaser et al (1995) . The study group was comprised of women caring for relatives with dementia, and a control group of females matched for age and income. Through a questionnaire, scientists rated the women's affective state prior to and one week into the study. Caregivers reported significantly more negative affect than controls in both surveys. Each woman was given a punch biopsy with wound examination every 2-8 days until it had healed. Complete wound healing took significantly longer in the care-giving women than in the controls. Stressors causing immunosuppression can elevate mortality, as well as having the non-lethal effects outlined above, by increasing the risks of infection by potentially dangerous diseases, and/or by increasing the pathogenesis of diseases. For example, severe stressors (death of a family member, life-threatening illness of a family member, serious assault, and break-up with long term committed partner) among people infected with HIV can increase the risk of early disease progression 2-4 times that of non-stressed individuals, even if that stressor occurs only once in a six-month period (Evans et al 1997) . Similarly, experiencing a severe stressor (in this case, death of a juvenile child) significantly increases the risk of developing infection-related cancers for women (Fang et al 2010) . In particular, human papillomavirus related cancers (eg cervical cancer) were the most prevalent among women who lost a child. The researchers specifically associate immunosuppression due to this stressor with the development of these cancers, as they have a well-established indication for viral infection.
As we have seen, cancer is a disease in which immunosuppression plays an exacerbatory role (Guba et al 2004) .
Breast cancer risk is elevated by divorce, death of a husband, death of a close friend, loss of a job, or personal illness/injury after controlling for risk factors such as age, social class, age at first pregnancy, alcohol use, smoking, physical activity, and psychological state prior to the stressor (Lillberg et al 2003) . Specifically, there is a positive correlation between the number of stressors experienced and the associated risk of developing breast cancer. Additionally, patients with a more negative reaction to cancer diagnosis have faster disease progression and poorer responses to treatment (Pennix et al 1998) . Noradrenaline, adrenaline and cortisol all increase the invasiveness of ovarian cancer cells, although noradrenaline and adrenaline have the greatest impact (Sood et al 2006) . This was determined by using ovarian cancer cell cultures in vitro and exposing them to all three hormones separately using the membrane invasion culture system. Furthermore, noradrenaline has been found to also enhance melanoma tumour growth (Yang et al 2009) . These data suggest that prolonged or repeated bouts of stressors can directly increase cancer progression, with obvious implications for mortality risk.
Cardiovascular disease is the third key illness to be adversely affected by negative affect. Thus, the negative affective states of hopelessness, pessimism, anxiety, and anger have all been found to predict adverse cardiovascular events, such as coronary artery disease and myocardial infarction (reviewed by Kubzansky et al 2005) . In a study of Finnish men who underwent carotid ultrasonography, those that reported high levels of hopelessness also showed high baseline levels of atherosclerosis and faster progression four years later (Everson et al 1997) . Psychosocial stressors (eg financial trouble, depression, perceived disempowerment) have similarly been found to account for approximately 30% of the attributable risk of myocardial infarction; only lipid status and smoking were more powerfully predictive.
Overall, the magnitude of the effect of psychosocial stressors on risk of myocardial infarction is comparable to those of hypertension and abdominal obesity (Rosengren et al 2004) . Data implicate the stress-hormone systems; thus, for example, depression is correlated with dysfunction of the HPA axis, while anger has been associated with chronic overstimulation of the sympathetic nervous system, and stimulation of both of these axes negatively impacts coronary heart disease prognosis (Sirois & Burg 2003) .
As a final non-disease mechanism through which negative affective state can elevate mortality in humans, the links between affective states and suicide are well established. For example, adults who are happily married, have higher educational attainment, experience low levels of stressors, or have self-reported good health all score low for suicidal ideation, that is, thoughts about suicide such as planning, role playing, or conducting unsuccessful attempts (Chin et al 2011). Conversely, those who experience higher levels of stressors or those who suffer from depression have much higher suicidal ideation scores (Chin et al 2011) . The clinical negative affective states of depression and anxiety also correlate with both suicidal thinking and suicidal behaviours in youth (Verona & Javdani 2011). It has also been suggested that in some cases, particularly in the elderly, depression is one of the main predictors of suicidal behaviour (Miret et al 2010) .
Are there animal examples of negative affect influencing mortality rates and longevity?
Since animals lack the ability to report their own affective state in human language, we must make inferences based on other data. One way that animal affective states can be assessed is by examining the correlates of negative affect in humans, and applying them to animals. This would include assessing whether stimuli are preferred or avoided, and measuring the activity of the HPA and SAM axes, as previously mentioned. Other methods of assessing welfare are measuring levels of stereotypic behaviour (eg Mason et al 2007) and humans subjectively judging animals' qualitative states (eg Weiss et al 2011).
Several primate examples look at the consequences of breaking social bonds. Independent evidence has been provided here to show that the stressors mentioned below do cause negative affective states in animals. Social isolation of primates causes negative affective state, as evidenced by elevated basal cortisol concentrations after controlling for activity levels, compared to socially housed animals (Sapolsky et al 1997) . Lewis et al (2000) examined the effects of early social isolation on rhesus macaques (Macaca mulatta); one group was socially isolated for the first nine months of life (infancy), while another group was raised in contact with other monkeys. After this period, the living conditions were identical for both groups, and their subsequent longevity was analysed. The early social deprivation group had a significantly decreased longevity: an effect evident only once the monkeys were ten years of age and older. Although not specifically measured, isolates were also noted as displaying more stereotypic behaviour (it has also been reported in such animals in other studies; see Novak et al [2006] ; and isolation rearing is widely regarded as being poor for primate welfare, especially during infancy [Novak et al 2006] ). Early maternal separation has also been related to increased mortality in another social species: captive Asian (Elephas maximus) elephants (Clubb et al 2009). Asian elephants tended to be separated from their mothers at half the median age of African (Loxodonta africana) elephants, and this result correlated with increased mortality rates among Asian elephants. It is important to note that these effects are not seen in infancy or even the juvenile period, but rather years later in mature adulthood. In another example, Capitanio et al (1998) infected rhesus monkeys with simian acquired immune deficiency syndrome (SIV) and divided them into two treatment groups. The monkeys were housed individually, but were given three periods per day when they were put into social groups. One treatment represented stable social groups, where the same three individuals were always put together. The other treatment represented unstable social groups, with two to four varying members, such that the groups never had the same composition. This is likely to be aversive: increased basal cortisol secretion occurs in primates forced into new social groupings (independent of activity levels), suggesting negative affect (Gust et al 1992), and consistent with this, aggressive behaviours associated with negative affective states such as threatening and chasing (agonistic behaviour is associated with elevated noradrenaline and cortisol levels [Cohen et al 1997]), were much higher in the unstable groups, whereas affiliative behaviours associated with positive affective states, such as proximity and grooming, were significantly higher in the stable condition (higher levels of grooming are correlated with lower levels of glucocorticoids [Shutt et al 2007] ). The mean lifespan following inoculation was significantly longer for monkeys in the stable social groups, suggesting that a negative affective state was responsible for increasing the pathogenesis of SIV in monkeys kept in unstable social groups. Similarly, number of inter-zoo transfers predicts mortality rates in captive elephants (Clubb et al 2008 (Clubb et al , 2009 ). Asian elephants were found to be transferred between zoos five times more frequently than Africans, a result that predicted significantly reduced Asian adult survivorship, specifically in the four years post transfer, (2007) has found that mortality rates in elephants captured from the wild can take up to eight years post capture to stabilise. There are additional accounts of excess mortality when animals are moved into a zoo where factors such as social stressors as well as exposure to new diets and diseases have been implicated (eg Tocidlowski et al 1997; Gozalo & Montoya 1991) . We therefore cannot say that the high mortality rates observed post capture are caused directly by the disruption of social bonds, but we propose that it may be a potential contributor to such outcomes. This topic certainly warrants further scientific attention.
Other cases illustrate the potentially adverse affective and survivorship effects of being subordinate. One classic study, briefly mentioned in the Introduction, was the first to show that social status among animals, here tree shrews, influences mortality rates (von Holst 1972) . Dominant shrews were allowed to physically attack and subjugate inferior individuals. Subordinates were separated following the fights (which were repeated every 1-2 days to maintain the dominance relationship), but they could still see the dominant animal and subsequently, the subordinates spent almost all their time watching the victor with their tail-hair raised (a sign of sympathetic activation). Within two weeks, subordinates began to die from uraemia, which was interpreted to be due to renal vasoconstriction caused by high activity of the sympathetic nervous system. There was no evidence that any had died from wounds. Levels of social affiliation similarly predict longevity in semi-wild adult rabbits (Oryctolagus cuniculus) (von Holst et al 1999). Social interactions, corticosteroid levels, and baseline heart rate were measured to determine affective state. Dominant rabbits received the lowest levels of aggression and they experienced vastly more sociopositive interactions with females (eg mutual grooming, resting in direct contact) than subordinate rabbits. This lack of social support for subordinate rabbits and antagonism from dominant rabbits induced a negative affective state, indicated by their high levels of corticosterone and higher baseline heart rates. It was found that subordinate male rabbits had significantly shorter lives than their superiors. Specifically, dominant animals lived on average 30% longer, a difference of an entire breeding season. Wounds were not associated with the causes of death in this study. Similar effects can also occur in primates. Thus, low social ranking was correlated with increased mortality in a Kenyan primate research centre, where the untimely deaths of eight subordinate vervet monkeys (Cercopithecus aethiops) prompted post mortem inspections. Comparing the 'sudden death' monkeys to conspecifics euthanised for other purposes, necropsies revealed these subordinates had bite scars, and also two pathological signs of physiological stress: gastric ulcers and hippocampal degeneration of substantial degree and size (Uno et al 1989) . A retrospective analysis of behavioural observations found that these monkeys had endured sustained prolonged stress from aggression by conspecifics, from which they were unable to escape, and which they also seemed unable to mitigate via appeasement signals. In the wild, vervet monkeys have ritualised gestures to signal subordination, but these were not performed by these captive-born animals. Finally, a similar albeit anecdotal example comes from cetaceans: behavioural studies of bottlenose dolphins at Atlantis Marine Park in Australia identified distinct hierarchical and primary bonding changes that seemed to result in the premature death of one individual (Waples & Gales 2002) . As a result of unstable groupings, there were increased physical (non-lethal) attacks against an ostracised dolphin, evidenced by toothraking scores. Changes in the physiological and behavioural patterns of the ostracised dolphin were indicated by stressinduced, negative affect indicators, such as altered blood chemistry of white blood cells, gastric ulcers, and loss of appetite and weight loss. Other, non-social aspects of the captive environment can also be important. Carlstead et al (1999) compared 23 different zoos with black rhinoceros (Diceros bicornis) and found that scores for fear, as determined by the 'Emotions Profile Index' involving data collected from keepers on their charges' behaviours and temperaments, were positively correlated to the percent of the enclosure available for public viewing. Furthermore, it was found that past mortality rates were also positively correlated to the percent of the enclosure available to the public. Together, this suggests that rhinos experiencing higher levels of fear due to poor enclosure design have an increased mortality risk. Similarly, enclosure variables were found to be more predictive of mortality rates in captive red pandas (Ailurus fulgens) than climate, diet, and management practices. Specifically, public traffic flow was found to be the most significant predictor of adult mortality rates (Roberts 1989) . Husbandry practices have also been found to influence mortality rates in captive golden-headed lion tamarins (Leontopithecus chrysomelas) (Steinmetz et al 2011) . Tamarins kept in an outdoor free-roaming management system had significantly lower adult mortality rates than those kept in traditional indoor enclosures in a Swiss zoo. The indoor tamarins also had higher morbidity and more bite injuries, which indicate that the traditional indoor enclosure management system was a stressor. Survivorship has also been assessed for rats in enriched and non-enriched environments; enriched rats (Rattus norvegicus) live significantly longer (Narath et al 2001) . Male rats that were given access to running wheels (a preferred enrichment) had significantly higher survivorship rates than rats forced to run similar distances on a treadmill, as well as rats that were fed to pair weight but did not have access to a running wheel. This suggests that independent of amount of exercise and bodyweight, positive affect provided by this enrichment may play a causal role in increasing rat survivorship. Mason (2010) also reviews several cases where wild species that appear to adapt more or less well to captivity also have correspondingly lower or higher rates of mortality and morbidity. Finally, other types of studies involve animals that are not exposed to differentially aversive experiences, but instead are assessed for individual differences in avoidance responses, stress physiology, or other variables that suggest differential affective states when faced with similar events or challenges. Norway rats, for example, were classified as neophilic (ie bold and exploratory) or neophobic (ie fearful and non-exploratory) after they were assessed via an exploration arena test at four and eight months old (Cavigelli & McClintock 2003) . This trait proved stable. Furthermore, neophobic rats were found to have a greater corticosterone response to the exploration arena test than their neophilic conspecifics. Neophobic rats went on to have significantly decreased longevity; in particular; effects that could only be seen after the rats had passed 'middle age'. Similarly, Dreschel (2010) collected data on pet dogs from their owners via an online survey, including many behavioural characteristics. After controlling for several confounding factors, such as breed, whether or not the dogs were well behaved, and whether or not they were neutered, fear of unfamiliar humans independently and significantly predicted decreased longevity. These studies suggest that negative affective state per se may play a causal role in reducing the longevity of animals. One similar study correspondingly suggests that positive affect can be protective too. Orangutans subjectively judged by their keepers to be 'happier' lived longer lives (Weiss et al 2011) . The keepers filled out a questionnaire with information about the subject's frequency of positive versus negative moods, pleasure derived from social interaction, ability to achieve its goals, as well as how happy they would be if they were the orangutan. This information was then converted into a score for happiness and put into a statistical model, where several predictors of mortality were assessed. Mortality was determined over a period of seven years using data from the orangutan studbook. The authors concluded that happiness was significantly correlated to longevity, even after controlling for age, sex, species, and number of transfers between zoos.
Mechanisms linking negative affect and mortality in animals
Mechanisms that link negative affect to mortality in animals seem to be similar to those in humans. Therefore, we briefly examine the same three disease processes here: immunosuppression, cancer and cardiovascular disease. Selfharming behaviours are additionally mentioned, albeit extremely cautiously, as a further hypothetical link. As in humans, immunosuppression can be induced by aversive events or stimuli. For example, social separation is a stressor associated with negative affect in Siberian hamsters (Phodopus sungorus); thus, isolated males have increased plasma cortisol levels, despite being no more active than socially housed conspecifics (Castro & Matt 1997) . Isolation in Siberian hamsters also slows rates of wound healing, an index of immune function as discussed before. To illustrate, Detillion et al (2004) made cutaneous wounds on hamsters, followed by immobilising each by a restraint in order to induce stress. One group of hamsters was returned to their socially paired housing while the other was kept in isolation. The socially housed hamsters had both lower cortisol levels and faster healing than their isolated peers. Likewise, according to numerous immunological measures (lymphocyte subsets and proliferation, natural killer cell activity, and cytokine production) the immune systems of rhesus macaques housed in social groups were found to function at a higher level than those who were socially isolated (Schapiro et al 2000) . Furthermore, immunosuppression is implicated in some of the studies we reported previously. For example, primates infected with SIV and housed in unstable social groups have increased viral replication and accelerated systemic immunopathogenesis, compared to those infected with SIV but kept in stable social groups (Sloan et al 2007) . Similarly, Lewis et al (2000) report that isolate-reared monkeys had a decrease in helper to suppressor T-cell ratio (indicative of impaired immune functioning), and although the precise causes of death were not noted in this study (nor was antibody production assessed), they hypothesise that the reason the isolate-reared monkeys died younger may have been due to the inability to fight off sub-clinical infections. Again, just as in humans, the pathogenesis of carcinoma can also be increased by exposure to stressors and negative affect. Thus, in rodents, experimental stressors such as social isolation, restraint, forced swim, and surgery all increase the pathogenesis of various types of cancers including leukaemia, lymphoma, cervical and rectal cancer (reviewed by Antoni et al 2006) . Similarly, crowded housing, and to a lesser extent isolated housing, both of which are stressors, can also promote tumour growth in male mice (Hasegawa & Saiki 2002) . Neophobic female Sprague-Dawley rats were found to have an increased risk of developing spontaneous cancerous tumours compared with their neophilic sisters, and as a result had decreased longevity (Cavigelli et al 2006) . This represents one possible mechanism via which the neophobic rats in the previous section had accelerated mortality rates in old age. Turning to disease states of the cardiovascular system, in one primate example, sympathetic arousal resulting from being continuously aggressive was implicated in the pathogenesis of atherosclerosis in cynomolgus macaques (Macaca fascicularis) housed in unstable social groups (reviewed by Kaplan and Manuck 1998) . Furthermore, in a retrospective study, Shively et al (1989) analysed the incidence rates of coronary artery atherosclerosis (a precursor of myocardial infarction) in female cynomolgus monkeys housed either alone or in social groups. Isolates were housed in small cages designed for only one individual, whereas those in social groups were housed in larger cages with more open space. The incidence of atherosclerosis was found to be four times higher in the lone-housed females. Levels of physical activity were not assessed and this may have been a confounder here (see also 'false positives' in the Discussion), since less physical activity, which would be expected in socially isolated monkeys in small cages, is related to higher levels of cardiovascular disease (Powell et al 1987) . However, the authors do mention that socially isolated monkeys tended to perform more stereotypic behaviour and that this may mean that isolates spent a similar time moving as those in social groups. While more clarity and specificity is needed here, it seems that, at the least, negative affective states play a partial role in the development of atherosclerosis in macaques. In addition, this topic has been reviewed by Alboni and Alboni (2006) , where social isolation and subordination have been found to predict higher levels of atherosclerosis in numerous social species. Finally, can extremely negative affective states lead animals to perform potentially fatal behaviours? This controversial, speculative suggestion has been made several times. For example, in the case of the socially ostracised dolphin at Atlantis Marine Park (see Waples & Gales [2002] above), the necropsy revealed asphyxiation to be the cause of death. Since dolphins are conscious breathers (Ridgway et al 1971) , this suggests that this individual voluntarily stopped breathing -a suggestion that was similarly made for the dolphin that played the part of 'Flipper' in the eponymous 1960's TV show (Nobel 2010) . However, the hypothesis that severe stressors may lead to suicide in animals, just as they can in humans, has yet to be tested. Evidence for this hypothesis would require showing that animals in severely aversive conditions become motivated to seek danger or perform self-harming behaviours, and more challengingly, that this is done with an understanding of the risk of death.
Discussion
Mortality rates have often been used in population-level animal welfare assessments, where they are implicitly viewed as arising from past unpleasant states such as being diseased, injured or malnourished; here, poor welfare and high mortality correlate because both are the consequences of physical harm. This review, however, highlights a further reason to use mortality rates to infer past poor welfare: that negative affective states can enhance mortality via a direct causal route, preceding and then actually elevating morbidity and mortality. Such effects can occur even with negative affective states that do not arise from physical harm (ie from such psychological stressors as fear, anxiety and loneliness). Negative affective states act in this way via dramatic or sustained physiological consequences which then cause or accelerate harmful somatic effects such as compromised immune function, the progression of cancer, and cardiovascular disease. In some instances they may also act to induce self-harm. Furthermore, as we have seen, these consequences may occur quite quickly following a severe stressor; alternatively, early life events may have delayed effects, or chronic conditions may have accumulating effects. Overall, these findings therefore suggest that in animal populations with higher than expected mortality rates, psychological stressors such as fear, anxiety and loneliness may be contributing alongside primary infectious diseases, injury or malnourishment. Thus, when populations differ in mortality rates, as they do in zoo populations of tigers (Panthera tigris sumatra) for example (Mace & Pelletier 2007) , differential exposure to disease risks, risks of injury or poor diets may be the explanation, but differential exposure to psychological stressors such as social instability or fearful stimuli may instead be the crucial causes. These findings also suggest that in populations suffering from such physical harms as disease, injury or malnourishment, the negative affective states that result (eg pain or malaise) may actually act to enhance the lethality of these physical harms. As a possible example, Asiatic black bears (Ursus thibetanus) that are farmed for bile rarely reach ten years of age, whereas in Western facilities, bears are known to live beyond 30 years (Loeffler et al 2009) . Disease is one well-known cause: bears often become infected from their gall bladder fistulations. States such as fear or frustration could also play a direct role: confined in cages barely bigger than the bears themselves, stereotypic behaviours occur in over 95% of bears (a prevalence much higher than occurs in zoos), and in some cases so extreme that self-mutilation results (again much more severe than occurs in zoos). Finally, the experience of pain from this self-harm, from the infections, or from injuries (many bears have clipped teeth with exposed nerves for example), could further act to accelerate their mortality rates. It should be noted however that it is very difficult to tease apart the relative contributions of psychological stressors and physical ailments (ie infections) to mortality in this case. While mortality rates can reflect past poor welfare, as we have argued, not all differences in mortality rate reflect past negative affect, and all states of negative affect do not always induce elevated mortality. In this last section we therefore consider the 'false positives' and 'false negatives' that may be encountered by those wishing to use mortality rates to make inferences about past welfare. In doing so we also highlight how such approaches may be more useful for some types of animals (namely those that are allowed to live out their natural lifespans) than others. Examples of 'false positives', where elevated mortality rates do not reflect past poor welfare, include cases where risk factors for premature death are neutral or even positive with respect to welfare. In humans, thrill-seeking behaviours, being male, not exercising, and over-eating all enhance mortality rates and reduce longevity. Thus, humans with a 'sex, drugs, and rock'n'roll' lifestyle may experience positive affect, and yet still are liable to experience increased morbidity and mortality because these behaviours bring risks (eg high levels of promiscuity are correlated with increased HIV prevalence; Kyriakis and Hadjivassiliou 2000) . In animal studies, sex is therefore likely to be a confound: sex-specific mortality rates should not be interpreted as reflecting sex differences in affective state. Obesity and exercise levels may also be confounds. For example, mice (Mus musculus) in four common inbred strains that were heavier at ages 2-24 months had significantly shorter lifespans, despite identical living conditions (Miller et al 2002) ; while rodents exposed to forced exercise live longer even though forced exercise may be stressful (eg Drori & Folman 1976) . Thus, in zoo elephants, for example, while the shortened adult lifespans of zoohoused Asians and Africans, compared with in situ conspecifics, could reflect poor welfare, they could equally reflect the greater fat levels of these animals (Clubb et al 2009; Mason & Veasey 2010) . Similarly, male rats that are allowed to mate are seen to live significantly longer (by an average of 156 days) than those that are not (Drori & Folman 1969) . This may reflect that the act of mating leads to positive affective states, but equally, it could merely reflect that mating stimulates exercise, which is known to prolong rats' lifespans. Genetics can also reduce longevity in some cases, independent of affective state. For example, larger dogs live shorter lives than smaller dogs, as do pure breeds compared with mongrels (Patronek et al 1996) ; species also differ greatly in their intrinsic natural lifespans, in a way that often reveals nothing about differential welfare (eg Mason 2010) . Examples of false negatives are cases where negative affect fails to be detectable via changes in mortality. The most obvious example of this is that extended lifespan and reduced mortality rates may not indicate improved welfare or enhanced positive affect when there are medical or veterinary interventions that can greatly extend life without necessarily reflecting or even causing better welfare (examples here might include humans on life-support systems, or much loved pets that are kept alive despite chronically harmful conditions). In other instances false negatives might occur because the physiological effects of a stressor need to be large and/or prolonged for extended periods of time in order to induce elevated morbidity, let alone elevated mortality. This means that minor changes in affective state are unlikely to translate into mortality effects, suggesting that this index has low sensitivity, especially for mild stressors. In other instances this might occur because the harmful effects are delayed in their manifestation, and/or only accumulate over a long period of time, such that they are only detectable at the end of life -sometimes many years distant from the stressor. The neophobic rats, isolate-reared macaques, and early weaned elephants among other examples seem to suggest that the mechanisms involve the delayed or gradual accumulation of harmful effects rather than reflecting immediate effects of a physiological stressor response. Therefore, if the mortality rates of the animals in these examples were assessed when they were too young, or too soon after an imposed stressor, one might erroneously infer that they had the same welfare as control subjects. Consequently, this risk of false negatives could mean that using mortality rates to infer past negative affect has limited application in populations that are killed when they are young. Therefore, we suggest that mortality rates are least useful in identifying lifetime welfare in populations of animals that tend to be euthanised prematurely, such as farm and lab animals. The exceptions to this of course are the breeding stocks, which in both cases are often kept until they reach middle age or even senescence. We propose that the index has the greatest potential for use in husbandry settings where animals tend to be allowed to live out their full lives, namely for zoo (eg Clubb et al 2008 (eg Clubb et al , 2009 Müller et al 2009) and companion animals (eg Dreschel 2010). However, this is not to say that the use of mortality rates to infer welfare is strictly confined to certain husbandry settings. In any population of captive (or domestic) animals where there is higher than expected mortality rates, poor welfare may play a causal role.
Conclusion
Here, we presented evidence that negative affective states can be related to mortality via causal rather than merely correlational routes. Specifically, negative physiological effects such as compromised immune function, cardiovascular disease, and cancer are known to be caused by, or accelerated by, negative affect and may lead to increased mortality and decreased longevity in both humans and animals. Caution should be exercised in interpreting mortality data without first addressing the possible sources of error listed above. Mortality would be best used in conjunction with other possible indices of welfare (eg von Holst et al 1999) , in order to ensure that the inferences made about affect are correct. Mortality is easy to measure and requires no technical equipment or expertise beyond statistics. One area where this might be particularly useful is in a zoo setting. Using mortality and longevity data, one can make cross-facility comparisons which have the potential to vastly improve zoo animal welfare by implementing the best strategies in enclosure design and management practices. The downside however is that the results are too late for the animals they came from, and can only be used to improve the welfare of other conspecifics. Overall, it seems that mortality and longevity have the potential to be valid indices of animal welfare and can be useful tools in assessing the ability of different husbandry systems to provide good welfare for animals.
